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LUNAR PHYSICAL P m m m  s m  
BREADBOARD MODE&S OF SURFACE AND DOWNHOLE EQUIP= -- . 

FINAL REPORT 

,Introduction 

This final report s m r i z e s  the work which has been done 

since December 15, 1960. 

.directed toward the design, construction and evaluation of 

laboratory instrumentation to demonstrate the feasibility of per- 

forming those. experiments postulated in the f ina l  report covering 

the feasibility studies conducted during the period July 3.5 - 

During t h i s  time, efforts have .been 

* December l5, 1960. 
Of those experiments proposed in the final report of the 

feasibility study, a l l  but one has been shown to be practical over 

.. 

the anticipated range of lunar properties. 

which has not been proven feasible is the measurement of electrf- 

cal resistivity by noting the variation of the Q of a coil pro- 

duced by varying the resistivity of its surroundings,- Though 

shown to be workable in principle, this method could not be 

extended to cover the higher ranges of resistivity ( > l&* ohm 

cm) anticipated for the luiar environment, 

from the inherent instability of the Q-multiplier circuitry le- 

quired for resistivity measurements in the range above l o u  ohm 
cm. 

and Texaco that the state of the art was not adequate t o  fnsure 

The one experiment 

The problems here arose 

It was agreed by Jet Propulsion Laboratory, Hughes Aircraft, 

1:7 94.44-1 
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I - : . '  development of usable  measuring c i r c u i t r y  f o r  this experiment 

within the t i m e  a l l o t t e d  f o r  t h i s  program. Therefore, the . 

measurement was discarded from both surface and downhole units, 

CI 

. ,  
c 

All o the r  sur face  and downhole equipment evolved as . *  
an t i c ipa t ed  i n  t h e  f e a s i b i l i t y  study f i n a l  report .  

n 

U 

n 

k 

* 

U 

Scope of t h e  Pro jec t  

The development of "breadboard" models as undertaken by 

Texaco under Jet Propulsion Laboratory Contract N-33552 had as i t a  

ob jec t ive  the design and construct ion of devices to demonstrate, 

under laboratory condi t ions,  t h e  f e a s i b i l i t y  of measuring c e r t a i n '  

parameters on and beneath the Lunar surface. 

were  required t o  perform t h e  ind ica ted  measurements to a degree-of 

prec is ion  s u f f i c i e n t  t o  demonstrate t h a t  instruments capable of 

The instruments 

being c a l i b r a t e d  so as to produce data of t h e  required accuracy 

and prec is ion  could be b u i l t ,  

These instruments were not , requi red  to withstand X h e  
c 

shock and v i b r a t i o n  of launch and f l i g h t ,  

:he instruments requi red  to perform i n  t h e  extremes of temperature 

Neither w e r e  any of 

and pressure  a n t i c i p a t e d  for the  lunar environment, un less  such 

environmental condi t ions had a direct  bearing upon the a b i l i t y  of 

an instrument to perform i t s  desired function. 

practice, t h a t  the acous t ic  source must be t e s t e d  i n  vacuum and 

that t h e  radiometr ic  devices used to measure thermal radiation 

must be tested i n  vacuum and subjected to the full range of 

This m e a n t ,  in 

1:794.66-2 
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temperature (100.K to 400.K) anticipated for the lunar environment, 

All other devices, it was concluded, could be tested under ambient 

conditions, i .e.s room temperature and atmospheric pressure, 

. Experimental Work 

Technical information concerning the feasibility study and 

the development of breadboard models based upon this f eas ib i l i ty  

study has been documented in a series of partial reports- 

of these reports follows: 

A list 

Partial Report 
Number 

1. - 
2, 

3. 

4 .  

5. 

6 ,  

7 ,  

8 .  

9. 

10 

11 

Title 

Measurement of Lunar Surface Density 

Measurement of Lunar Thermal Properties 

Measurement of Lunar Surface Acoustic Properties 

Measurement of Lunar Parameters using Downhole 
Nuclear Logging Tools 

Measurement of Lunar Thermal Properties 

Feas€bility of Downhole Logging Tool 

Measurement of Electrical Properties on Lunar 
Surface 

Final Report, Feasibility Study 

Design Calculations, Measurement of Thermal 
D i f  f usivity 

Breadboard Penetrometer Hardness Measurement 

Acoustic Velocity Breadboard Tests 

Breadboard Tests of Surface Magnetic Suscepti- 
bility Coils 



. .  

- 

- .  

13. 

14 . 

d 

Computer Study of t he  Lunar Thermal Program 

Breadboard Tests of the  4-1/2 In.  Surface Mag- 
n e t i c  Suscep t ib i l i t y  Coi ls  - A Supplementary 
Report t o  P a r t i a l  Report No. 11, 9-20-61 

Breadboard Development and Tests of Subsurface 
Thermal Apparatus 

. 

Breadboard'Tests of Subsurface Magnetic Suscepti- 
b i l i t y  Coils 

35. Breadboard Tests of Surface and Subsurface Density 
Measuring Instruments 

The end product of t h i s  feasibility study and t h e  bread- 

board development program which followed was  t he  instrumentation 

which was delivered t o  Jet Propulsion Laboratory during July and 

August, 1961. 

as appendices t o  this report. 

Conclusions 

Complete drawings of these instruments are included 

It is felt that t h e  devices b u i l t  .by T a c o  and sub- 

mit ted  to Jet Propulsion Laboratory & indeed demonstrate the 

p r a c t i c a l i t y  of making t h e  desired measurements. 

(magnetic s u s c e p t i b i l i t y  and density) the breadboard instruments . 

r e p r e s e n t  a considerably higher degree of refinement than we had at 

first  expected. 

hardness, has produced data which o f f e r s  no t  only a semf-quantita- 

tive est imate  of Moh hardness, but considerable q u a l i t a t i v e  

In some cases 

The penetrometer, developed t o  measure surface 



information regarding the crystalline structure of t h e  material 

impacted, 

Other areas have produced equally surprising, but not 

necessarily so gratifying results, h e  performance in vacuum of 

the -acoustic source (explosive) has been mos't unexpected and has 

presented serious problems which must be either conquered or out- 

flanked before this acoustic source device is considered satis-  

factory, 

: 

By far, the largest amount of developmental work remains 

t o  be done in the area of thermal measurements, Here, not only 

must considerable work be done to develop the instruments them- 

selves to a satisfactory state, but standards and procedures must 

be devised to evaluate and calibrate these instruments, 

1: 7 94 -44-5 
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APPENDIX A 

The following is a brief  summary of the measuring capa- 

b i l i t i e s  of the lunar instrumentation based on the results of the 

breadboard tes t ing  program: 

I. Density 

A. Surface 

1. 

2. 

3 Range - 0-1 t o  4.0 grams/= 

Precision - 215% a t  2.0 grams/cm3 with protuberaxes 

up t o  4 in,  

B. Subsurface 
3 1. Range - 0.1 to 4.0 grams/- 

2, Precision - i52 a t  1.95 grams/cm3 with known hole size.  

itlox at 1.95 grams/cm3 for hole size 1.5 

i0.25 in. diameter with no caliper, 

11. Magnetic Susceptibi l i ty  . 

A Surface 

2. Maximum error .on "standard irregular surface" (Partial 

Report N o .  11 and Supplement) - 
a. 12.5 in. 3 coil system: -21% 

b, 4.5 in. 3 c o i l  system: 42% 

c. 2.625 in.  2 coil  system: -72% 

3 . Sensi t iv i ty  (approximate) 
m i c  r oh enr %e6 a. l2.S .in. 3 coil  system: 0.01 

lx10-6 cgs units 

1:794.44-Al 
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microhenries 
1 x 1 0 ~ ~  cgs units 

b, 4.5 in. 3 coil system: 0.01 + - 0 

B, Subsurface ' 

1, 

2 ,  

Range - 1 x loo6 to 0.1 rgs units . 

Maximum error &e to borehole variation from 1-25 t o  

1.75 in. diameter - 502 (no caliper). 
considerably- reduced when hole size i s  known. 

.This can be 

111. Acoustic Velocity, Surface and Subsurface 

1. 

2, 

.Range - 300 to 13,500 ft/sec, 

Precision - = 202. Limited by ability to read break 

point from photographic record. 

ZV, Penetration Hardness, Surface Onlx 

Range - 1 to 6 on Moh scale. 
is largely of a qualitative nature, no estimate of pre- 

cision or sensitivity is possible. 

1. Since this measurement 

V, Temperature, Surface and Downhole 

1, Range 100.K t o  400% 

2. Precision - a i k n ~ ~  

3. Sensitivity - 0.4 microvoIts/'K at 120% 

13 microvolts/.K at -373% - 

m. Thermal Diffusivity 

. A, Surface 

N o  experimental determinations have been m& using the 
surface equipment. 

1: 7 94 , 4-442 
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I 
I -  

B, Subsurface - 

Range - thermal conductivity of 1.4 x loo4 cal/sec cm .C 

to 8.8 x 104 cal/sec cm OK. I . -  
I -  

- The apparatus would qualitatively distinguish among 

materials in the range specified. - ~ " 

i- 

t -  
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APPENDIXB 

SURFACE INSTRWENTATION 

I 
Since the design, construction, cal ibration and testing 

of the various surface uni ts  are w e l l  documented i n  the part ia l  
I 
I . reports issued during the breadboard development program, they 

I will not be described i n  d e t a i l  i n  this f i n a l  report. However, a l l  I part and assembly drawings of the breadboard surface units  are 

~ col lected  here for convenient reference. 

1 : 794.44-B1 
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1 Cinch Jones terminal #3-l4l 
16 SPST toggle switch Xust hove positive, low resistance 

contacts. 

SPDT toggls B w i t c h  ~ Xust have positive,low resistance 
contacts. 

' i  

3, 

1 48nnOn P% ftt-u recommend t t At be und. 

. .  
%a*- >Plug x3-34 Thia -type .@8lmQn plug allowa d 

2009 fQr irn r-nt, & we L 
1 -  ,O&fd sLlver &ea condenser . .  
1 -,OOtrfd 'I- # sa 

1 10 turn Helipot (1-50 obms) Linearity -5% or better 

1 10 turn Helipot (1-lK o'hms) Unearity -5% or bet ter  

1 l O O R  lO-watt resistor Wire wound resistors w i l l  do. 

1 IOOK Precision Resistors 
. t I  11 - 1  75K 

SI n 

1, 20K I1 ' n 

1 408 

M . 81 
. .  1 1OE 

1 5x - 91 11 - _  

The resistors used by Texaco are 
Z.R.C. wwb's. Eowever, a h i g h e r  
precision resistor can be 
purchased and should be used. 
Example: I.R.C. KEC nolded 

&tal Pi Resistors 
Tolerance 05%. 

(I V I  11 

1 50 1 4  *? J1 81 - -el . -. , .  . 

1 '  100 . 91 1i 11 81 *? 

2 200 11 11 1) . 8D 11 .. 
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SUBSURFACE INSTRUMENTATION 

Although the design, construction, calibration, and 

testing of each of the individual instruments, which are combined 

into the downhole logging sonde, have been well documentedin 

partial reports issued durfng t h e  breadboard development program, - .  

110 general averr€l written description of thc unit has, as y e ,  

been presented. Such a g q a , l  description, along with sopy 3totc19- 

an assenrbly and wiring, is presented .here along w i t h  *e coarplstre - 
.component and assembly drawings for &e downhoh logging sonde- 

Brief Description of Downhole Sonde-Referring to Fig. 1 and 
Drawing RA-9449 

The breadboard model of the downhole logging sonde, 

altliough similar in principle to the unit proposed in Progress - 

Report No, 6, p, 26, differs somewhat in detail from this unit. 

found to be unnecessary to pivot the gamma source to allow 

The most noticeable mechanical difference is that it was 

variation of collimation angle with hole size. Also, as mentioned 

earlier, the measurement of electrical resistivity has been dis- 

carded. _ .  

A brief description of the breadboard model of the down- . 

hole sonde is as follows. Pig. 1 is a photograph of the 

assembled (unwired) unit and Dwg, RA-9449 is an overall assembly 

drawing and wiring diagram for the unit, The sonde is 21 in, long 

and is collapsible to fit within a cylinder whose inside diameter 

1: 794.44-C1 
3 6  
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is 1-0 in .  

diameter ranges from 1-25 in .  to 1.75 in. 

It is designed t o  operate within a borehole whose 
. -- 

At the bottom of the sonde i s  the  radiometer with conical 

Since thks mirror for determination of borehole wall temperature. 

radiometer had not been delivered at t h e  time the gicture.for Fig. 1 

was taken, a threairwd plug was-substituted fur the radiometcll 

. I  

.-- 

.-- me xzead-out from tbe r a d f v t e r  is in d fa- of- 

. .  
._ voltages: . @e from -a chrand-cunstantan ~?~lclpocouple g i d q  xa.8101 

.Plet& bousi& ternperahrri ,  - a d  the second is the.= rvoltage f r 6  a 
- 

- 

- pair of chrodl-constantan junctions which give the difference 9n 

temperature between t h e  radiometer housing and target. 

Next is the apparatus f o r  t h e  determination of thermal 

This device can- 

-- 
d i f f u s i v i t y  of t he  lunar  subsurface material, 

sists of, (1) a GE #57 l i g h t  bulb (a source of r a d i a n t  energy) With 

holder and appropriate  n i cke l  sh ie lds  and (2) a r a d i o m e t e r t o  

Sense the borehole w a l l  -temperature i n  the region i l luminated by 

t h e  source of r ad ian t  energy. 

- 
I -  

r- 

.- 
- .  

.I 

Power (0.5 - 1.3 watt)  must be supplied to the l i g h t  bulb - 
,- 

during the course of an experiment, 

in  t h e  form of 2 DC voltages;  one from t h e  copper-constantan 

couple which measures a reference .temperature on the sonde and 

t h e  second f rom a four junct ion thermopile which measures the 

d i f f e rence  between the target temperature and the reference 

tempera t u e  . 

Signal read-out is, again, 
-. 

L-r 

_ _  
- 
r -  

u 

. -. 
1: 7 9 4 . 4 4 4 2  
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I m e d i a t e l y  above t h i s  un i t  i s  mounted the  copper-constan- 

tan thermocouple which is to attempt a measurement of borehole 

wal l  t e q e r a t u r e  by contact .  

wall by.a small bow spring. 

This thermocouple i s  he ld  aga ins t  the 

In t h i s  same general area is mounted t h e  bottom end of 

the large bow spring which .acts as a decentralizer for s h e  sonde. 

As -(an be seen in .the a s s d l y  draang, the-and .of this spring 3s 

attached to a 12.5 meg, non-1Pnear p t e n t i a r e t c r ,  

fie decentralizer spring will result in Tatattun of this potcnt& 

meter so as to change the r e s i s t ance  between the variable contact 

. - 
-Campsession-& 

I and e i t h e r  end of t h e  r e s i s t ance  clement, This r e s i s t a n c e  can 

then be co r re l a t ed  with borehole diazeter and the  decen t r a l i ze r  

spr ing can act as a - h o l e  s i z e  ca l ipe r ,  

observed r e s i s t ance  was from 0 t o  1.7 X ohm. 

system will not  be used i n  la ter  models, 

w i l l  be replaced by a l i n e a r  unit, around which can be designed a 

. c a l i p e r  which w i l l  represent  a s ign i f i can t  mechanical improvement 

On the present  model, the 

This p a r t i c u l a r  

The r o t a r y  potentiometer 

over t h e  present  design. 

Proceeding up t h e  too l ,  t he  next u n i t  is t h e  p a t t i a l l y  

shielded GM counter, a p a r t  of t h e  density measuring device. 

unit r e q u i r e s  875 v o l t s  a t  a m a x i m  curren t  of about 1 0  micro- 

amperes. 

mounted i n  t h e  1/4 in. wide window opening'of t h e  counter tube 

shielding.  

This 

Note that t h e  w i r e s  which lead p a s t  the  counter are 

1 : 7 9 4 . 4 4 4 3  
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Above t h e  G?f counter is t h e  epoxy sec t ioa  on which are 

mounted the  three c o i l s  which c o n s t i t u t e  the  aagnetic suscept i -  

b i l i t y  uni t . ,  Within t h i s  epoxy sec t ion  is imbedded a copper 
. 

constantan thermocouple to  measure the sonde temperature which 

wil l  be necessary for correction of t h e  s u s c e p t i b i l i t y  readings.  

3ext is .the gamma source holder  of Xall~ry 1000'metal: 

. 

! . . 

. .  

. .  
source .cap- jcan be pushed out of the shield, 

The top end of the decentral izer  spr ing  a t taches  

immediately above t h e  source sh ie ld ing ,  

A t  t h e  top  of t h e  sonde is t he  geophone mounting, The 

geophone i s  mounted on a small bow spring w5ich not  only holds  i t  

aga ins t  t h e  borehole wall ,  but provides a s ign i f i can t  aaount of 

acoust ic decoupling from t h e  body of the sonde, 

Provision for mechanical attachrnent of t he  sonde is made 

i n  t h e  form of a 5/16 i n .  diameter rod which extends axially 

from t h e  top. 

t h e  per iphery of the sonde. 

All wiring is brought out as p i g t a i l  leads frm 

Notes on Downhole Logging Scnde (RA-9449) 

1, Wiring and assmbly of soDde proceed from the bottom 

(radiometer) end upwari, 

removable from t h e  breadboard model of t he  sonde s ince  i t  was 

unavai lable  a t  t h e  t i m e  of final assembly of the sonde, 

The radiometer assembly was made t o  be 



2, Shielding on the high voltage lead of the GM counter 

extends all the way through the magietic suscept ib i l i ty  coils to 

the counter, 

suscept ib i l i ty  coils, 

i n  the middlc.of the.cofls .and beside the  counter through which 

A l l  other shielding terminates above the magnetic 

This was necessitated by the lack of space 
. - 

3. Not a l y  amst all .  & -the wires which. pass through tbe 

magnetic smceptibiUty toi ls  be non-magnetic, but they rrrust be 

r i g i d l y  secured i n  posit ion (potted i n  place), 

4. The decentralizer spring nust be strong enough t o  

over-ride both the smaller bowsprings w3ich hold a thennocouple 

and the acoustic receiver i n  contact with'the borehole w a l l  so 

that the density source and counter w i l l  be i n  contact with the 

borehole w a l l .  

1:7 94 .@-e5 
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DESCRIPTION.  

ASSENBLY t CIRCUIT DIAGBAM 

Extension Rod 

Geophone Section 

Source Section 

Source Holder 

Splice Sleeve 

Susceptlblli*y Coils Po& 

-Counter Section 

Counter Cuahluna 

3bB 

T&@%dSd -cap 

3nsufating Spacer 

Radlorne t er-Lunar Probe 

Gamma Ray Counter 

Solder Stand-Off Terminals 

ModiPy Potent iome ter 

Insta l lat ion 

Flvot Block 

Decentrallzer Spring Brackc 

Decentralizer Spring 
1 

Top Cap ___ 

Wall Thermocouple Spring 

Pivot Shaft 

Spring Retainer 

Geophone Spring 

Source Retainer 

Accelerometer Mount Screw 

PARTS L I S T  FOR 1 LUNAR SUB-SURFACE 
RA 9449-A EXPL. 8 P R O D .  R E S E A R C H  D l V .  LOGSING SONDE 

B E L b A I R E  , T E X A S  



Accelerometer Spacer . 

ne te r  Section 

S h i e l d  Housing 

J3ulb Ho3der - 

Radiation Shield 

Temperature Rtferencc 

Shield Spacer 

Cylinder Cushion 

Circu i t  of Magnetlc Suscep- 
tibility Down Hole Coi ls  w i  
Surface Coils Attached 

R . 6  T. OEPT 

BELLAlF iE  , T C X A S  
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